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Abstract  
For approximately the last hundred years people have been interested in analyzing human gait. Using 
many different measurement techniques, researchers have been looking for ways to increase 
efficiency while minimizing injuries. The intent of this project is to find out how varying human 
stride length affects the overall quality of the gait. With a three axis force plate designed and 
fabricated by the group, various data sets were recorded for each individual in the subject pool.  
Data were recorded for each subject using their natural stride length, followed by both under 
striding and over striding gaits. Using the data gathered by the force plate along with body geometry 
and velocities, it was possible to find the optimal stride length for each individual. 
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Executive Summary 
The origins of gait analysis can be traced back to 1682, when a well-known Italian 
mathematician and astronomer, Giovani Borelli wrote De Motu Animalum (The Motion of Animals). 
Jumping forward to the 1940’s, two engineers Cunningham and Brown at the University of 
California worked to develop a full six-component force plate using strain gauges. Members of the 
group performed free-body calculations for the hip, knee, and ankle joints. They took into 
consideration ground reaction forces, the effects of gravity, and inertial forces. Their work formed 
the basis for many current gait models. With the onset of computers, people studying gait were able 
to create complex models and simulate different types of walking. Currently, the science of gait 
analysis relies almost entirely on the use of computers. 
This project will be to design, manufacture, test, and collect data with a three-axis force 
plate. This plate will provide the group with the ground reaction forces associated with walking, and 
allow for the calculation of optimal stride length based on a model developed by the group. Skills 
learned in the areas of design and manufacture will have to be used in order to complete the project. 
Also, knowledge of data acquisition will be necessary to obtain the data from the force plate. While 
finding the optimal stride length for walking is an important part of this project, the main goal is to 
build a working force plate. In order to achieve these goals the following actions will be taken: 
1. Design and build an effective force plate to measure ground reaction forces during walking 
activities 
2. Analyze walking efficiency with respect to gait characteristics 
3. Investigate the best techniques for walking activities  
4. Recommend future gait analysis and techniques 
 
Our force plate is based on an octagonal strain ring design that was used to support the four 
corners of a rigid top plate. Strain gages were mounted on two sides of each of the four rings 
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allowing us to measure strain along two axes of any given ring; then by varying the ring orientation 
during assembly we obtained an effective three-axis force plate.                           
 
Solid Model of Final Three Axis Force Plate Design 
 
National Instruments has developed a software package LabVIEW that was incorporated as 
a graphical environment for signal conditioning. The low voltage signals from the eight strain gages 
attached to the force plate go through an analog to digital conversion process in order to be viewed 
and recorded by the computer. The software also allowed us such capabilities as using a low pass 
filter to minimize noise for the signals while the gages were at rest.   
A mathematical equation was established using the data recorded using the force plate and 
using timing gates to create an “Efficiency Factor” that could be used to compare one stride length 
to another. The way the mathematical equation was established, the lower the “Efficiency Factor” 
the more efficient the stride length would be. 
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Variable Inputs Into the Group’s Efficiency Factor Model 
The results of the force plate were very promising with very accurate and reliable data.  The 
repeatability of the forces recorded with the force plate was excellent.  The same shapes would result 
when the data was graphed during the same parts of the step with each of the different strain gauges. 
 
Sample of the Strain Gauge Data Collected From the Force Plate During a Subject’s Single Step 
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From the data that was collected and analyzed, it was determined that people have the most 
efficient strides at their normal stride length, as hypothesized, but the data backed it up. Also, it was 
determined that a person’s optimal stride length is 88% of the distance from their hipbone to their 
anklebone. This is a useful piece of information for those who think they may be under or over 
striding while recovering from an injury, or just for people who want to know what their natural 
stride length should be. It is easy to measure and only takes a minute to calculate.  
 
The Results of our Subject Testing Showing in General a Person’s Natural Stride Length will be Their Most 
Efficient Stride Length 
 
 
Data Collected to Support Our Conclusion of a Person’s Natural Stride Length to be 88% of Their Hip to 
Ankle Length 
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Overall, this project can be seen as a successful application of engineering knowledge by the 
group members to design, manufacture, test, and use a three axis force plate. The main goal of 
building a working force plate was definitely achieved, while octagon strain rings were proven to be 
effective tools for measuring strain. Much experience in manufacture was also gained through 
completion of this project. It brought together many different aspects of engineering and forced the 
group to solve tough problems in order to move forward.  
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1 Introduction 
Racewalking is an extremely competitive sport practiced by individuals around the world 
since approximately the 16th century. During this time, the science of studying human walking, or 
gait analysis, has evolved. The methods developed by scientists to study normal human strides have 
been adapted to analyze racewalkers’ stride. This makes it possible to find the most efficient 
technique for racewalking, and prevent injuries that could occur over time. 
 One aspect of walking, and racewalking in particular that is interesting to look at is stride 
length. At first glance, one would think that a longer stride would result in the walker getting to their 
destination faster, but this is not always the case. Longer strides can prove to be less efficient and 
possibly even result in injury. It can cause the racewalker to have a bent knee, which is illegal in the 
sport. Also, over striding results in higher horizontal deceleration forces, and puts added stress on 
the shins. On the other hand, one should not have a very small stride, as this will limit the ability to 
be competitive in the race. A good racewalker must find the optimal stride length for their body in 
order to minimize injury and remain fast. Generally, they try to land under their center of gravity and 
stride is achieved through hip and torso flexibility. When the techniques of gait analysis are applied 
to racewalking, it will be possible to determine what this optimal stride length is, and what type of 
stride will cause injury.  
 This project will be to design, manufacture, test, and collect data with a three-axis force 
plate. This plate will provide the group with the ground reaction forces associated with walking, and 
allow for the calculation of optimal stride length based on a model developed by the group. Skills 
learned in the areas of design and manufacture will have to be used in order to complete the project. 
Also, knowledge of data acquisition will be necessary to obtain the data from the force plate. While 
finding the optimal stride length for walking is an important part of this project, the main goal is to 
build a working force plate.  
 13 
2 Background Research 
In order to understand the methods used in this project, it is necessary examine how gait 
analysis has been conducted throughout history. The following section gives a history of gait 
analysis, from its rudimentary beginnings, to the present. Also it describes racewalking history and 
techniques, as well as injuries incurred during the sport.  
2.1 History of Gait Analysis 
For approximately the last four million years, humans have been walking on two legs as their 
primary form of transportation. But it was not until the Renaissance period that human motion 
began to be studied by Leonardo da Vinci, Galileo, and Sir Isaac Newton. In 1682, Giovani Borelli, 
a well-known Italian mathematician and astronomer, wrote De Motu Animalum (The Motion of 
Animals). He studied body dynamics and conducted experiments to find the center of mass of 
humans. The next major development came from the Weber brothers in Germany. They gave the 
first clear description of the gait cycle in 1836. Using nothing more than a stop watch, measuring 
tape, and a telescope the bothers made accurate measurements of the timing of gait and of the 
pendulum-like swinging of the leg of a cadaver. Many of the conclusions drawn by the two brothers 
are still seen as accurate today1,2.  
The kinematics of human motion began to be studied separately in the 1860’s by Jules Marey 
and Eadweard Muybridge. Marey worked to settle the debate of whether or not the human body was 
subject to the same laws as the rest of nature. He believed that they were and made careful 
measurements to prove it and is seen as the first modern gait analyst. Muybridge was also studying 
kinematics, but of horses rather that humans. Using state of the art photographic techniques, he was 
                                                      
1
 Baker, Richard. “The history of gait analysis before the advent of modern computers” Gait and Posture. Volume 
26, Issue 3, Sept 2007.  
2
 Wittle, Michael W. Gait Analysis an Introduction: Third Edition. Butterworth-Heinemann. 2001. pp. 43. 
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the first to prove that all four feet of a horse are off the ground at once during a stride. Marey was 
inspired by the work of Muybridge and went on to refine the technique and use it to study 
pathological walking. He would dress a test subject in black, and attach illuminated strips to their 
limbs3.  
In 1895 another advance to the science of human mechanics was made when Der Gang des 
Menschen was published in by Wilhelm Braune and Otto Fischer. These men were the first to 
determine three-dimensional trajectories, velocities, and accelerations of body segments. They used a 
technique similar to Marey’s, but instead of white strips on the limbs, they used fluorescent strip-
lights. The data that they acquired from these images, combined with the masses of body segments, 
enabled the men to estimate the forces involved at all stages during the walking cycle. Figure 1 
shows the experimental suit and an image created by Braune and Fischer. This analysis was 
expanded upon by Nikolai Bernstein in the 1930’s. He developed a variety of photographic 
techniques for kinetic measurement, and studied over 150 subjects.4  
 
 
 
 
 
 
 
 
Figure 1: Braune and Fischer's subject wearing the experimental suit 
Figure 2: Braune and Fischer's true two-dimensional measurements of human walking 
 
Although Braune and Fischer’s work remained the definitive work on human kinematics for 
several decades, the development of force plates to measure kinematic data continued. Marey and 
                                                      
3
 Ibid. 
4
 Baker, Richard. “The history of gait analysis before the advent of modern computers” Gait and Posture. Volume 
26, Issue 3, Sept 2007. 
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his partner Carlet developed a pneumatic system to measure in-shoe pressure. Marey also worked 
with George Demeny to design a pneumatic force plate that could measure the vertical component 
of ground reaction forces. It soon became clear, however, that all three components of ground 
reaction forces must be known to accurately describe the kinematics. So Jules Amar, working in 
France after World War I, developed the first three-component force plate. The design was purely 
mechanical, where the force applied to the platform caused the movement of a pointer. Amar’s 
work was clinically driven, as he was a rehabilitation specialist, helping those injured in the war5.  
Just as the First World War sparked interest in gait analysis in France, the Second World War 
sparked it in the United States. In the late 1940’s, at the University of California, engineers 
Cunningham and Brown developed a full six-component force plate using strain gauges. While this 
new force plate was being developed, people began to think about how muscle activity was affecting 
gait. Notably, Scherb in Switzerland, and a team at the University of California were studying this 
aspect of gait. The group at the University of California went on to write Human Walking, which is 
seen by many as the definitive textbook on normal gait. But this textbook was not the only 
contribution made by this Californian group. Members of the group, Bresler and Frankel, performed 
free-body calculations for the hip, knee, and ankle joints. They took into consideration ground 
reaction forces, the effects of gravity, and inertial forces. Their work formed the basis for many 
current gait models.6 By, the 1960’s people started to wonder about different aspects of gait, such as 
how it develops in children and how it deteriorates with age. At this time, many of the tools to 
record data for gait analysis were becoming cumbersome and thankfully the dawn of the computer 
era was near.  
With the onset of computers, people studying gait were able to create complex models and 
simulate different types of walking. Currently, the science of gait analysis relies almost entirely on the 
                                                      
5
 Ibid. 
6
 Wittle, Michael W. Gait Analysis an Introduction: Third Edition. Butterworth-Heinemann. 2001. pp. 44. 
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use of computers. There are many clinical studies being conducted on gait in people with physically 
debilitating diseases and other abnormal gaits. Although gait analysis has branched out, it roots can 
still be traced back to the simple methods used by the pioneers of the field many years ago.  
2.2 Overview of Racewalking 
Racewalking must fully be understood before it can be studied using a force plate. The 
following sections give a detailed background on the history of racewalking, the rules of the sport, 
and the injuries that are sustained during competition. Knowing these facts will allow the group to 
better understand which forces need to be minimized during racewalking for a healthy gait.   
2.2.1 History 
Race walking is a continuously growing sport that covers a wide range of distances on roads 
or on an athletic track.  There is disagreement among countries as to who started the sport of race 
walking.  There is evidence that the early development of the sport gook place in Great Britain, 
while other countries like Italy claim that it started in their Roman legions.  South Africa also makes 
claims as to starting the sport.7  It is generally believed however that race walking began as early as 
the 17th century when competitions involving walking came about as English noblemen bet and 
wagered over whose footman could walk the fastest.  The bets were sometimes very large and the 
noblemen began to recruit the fastest footmen they could who could not only walk fast, but also had 
great stamina.  When the sport first began, there were few rules; these contained only a “fair heel 
and toe” rule.  The competitors could even jog a little and clear any cramping that occurred, but they 
were not allowed to run.  As the sport progressed, it changed from bets being taken to competitors 
competing against time to try and cover longer distances; one goal was to walk 100 miles in 24 
hours.  One of the most noted accomplishments was by that of Captain Robert Barclay who 
                                                      
7
 Brief History of Race Walking.  October 11, 2007.  
<http://www.gov.cap.ru/hierarhy.asp?page=./19728/19729/19731> 
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“walked 1 mile every hour for 1000 miles taking 1000 hours for 1000 guineas on Newmarket Heath.  
This even captured the publics’ imagination like no other previous sporting event.”8  Many people 
believe that this is when race walking was born.   
 Race walking evolved in the early 1800’s as “amateur race walking” emerged in larger cities at 
private sporting clubs.  The rules slowly became standardized in the 19th century with the first 
English Amateur Walking Championships held in 1866.  It was introduced into the Olympics in 
1908 for the men and finally introduced for women in 1992.  The events that are held in the 
Olympics are the 20K for women, and a 20K and a 50K walk for the men.9  In 1907 a Road Walking 
Association (RWA) was formed at a London restaurant to try and control race walking for men in 
the South of England.  The RWA played a key role in the promotion and expansion of the sport not 
only in England, but helped to gain popularity for race walking worldwide.10  The sport is now very 
popular in Europe, Russia, China, Australia and Mexico.  The 1993 World Cup Championship 
attracted approximately 40,000 spectators.  Race walking in the United States is slowly gaining 
popularity as it is being discovered as a reasonably injury-free way of exercising and improving 
fitness.   
 The sport has evolved over the centuries from a style that involved a wild hip gyrating to a 
scientific form of movement that directs almost all energy into a forward motion.  The technique 
has been studied from the various aspects such as the head, shoulders, posture, arms, hips, knees, 
feet, stride, and speed and has been turned into a very efficient method of forward motion.  The 
                                                      
8
 The History of Race Walking.  Surrey Walking Club.  May 19, 2007.  October 11, 2007.  
<http://www.surreywalkingclub.org.uk/Racers/racewalking_history.htm>  
9
 History of Race Walking.  Niagara Walkers.  January 19, 2004.  October 11, 2007.  
<http://www.acsu.buffalo.edu/~neumeist/niagarawalkers/news/history.html> 
10
 The History of Race Walking.  Surrey Walking Club.  May 19, 2007.  October 11, 2007.  
<http://www.surreywalkingclub.org.uk/Racers/racewalking_history.htm>  
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study of technique and form will continue to be studied to constantly improve race walking form 
and improve on record times.  
2.2.2 Rules of Race Walking 
There are only several rules that define the rules of race walking.  Race walking is defined by 
the International Association of Athletics Federations as “a progression of steps so taken that the 
walker makes contact with the ground, so that no visible (to the human eye) loss of contact occurs.  
The advancing leg shall be straightened (i.e. not bent at the knee) from the moment of first contact 
with the ground until the vertical upright position.”11  Judges are appointed and elect a Chief Judge if 
one has not been appointed previously.  The judgments made are based on observations made with 
the human eye.  For road races there should be a minimum of six to a maximum of nine judges 
including the chief judge, while for track races there should normally be six judges.  Athletes are 
cautioned when their mode of progression is in danger of not complying with the acceptable race 
walking form.  When an athlete fails to comply with the acceptable form by exhibiting visible lox of 
contact or a bent knee during any part of the competition, then the judge will send a Red Card to the 
Chief Judge.  When a total of three Red Cards from three different judges are sent to the Chief 
Judge, the athlete is disqualified and is notified by the Chief Judge.  Anyone who is disqualified has 
to immediately leave the race.12 
2.2.3 Injuries in Race Walking     
In every sport there is always a concern about what types of injuries may arise.  Race walking 
is no different.  A study was performed where 400 questionnaires were completed by 294 males and 
106 females who ranged from the age of 12 to 88 years of age.  Approximately two thirds of the 
subjects reported that they had suffered from one or more injuries from race walking.  Males and 
                                                      
11
 Race Walking.  England Athletics.  2007.  October 11, 2007.   
< http://www.englandathletics.org/east/race-walking/> 
12
 Race Walking.  England Athletics.  2007.  October 11, 2007.   
< http://www.englandathletics.org/east/race-walking/> 
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females shared very similar numbers as 65.1% of males and 63.5% of females reported they had had 
injuries.  A total of 502 injuries were reported with an average of one injury approximately every 6.5 
years.  Comparing these results to other sports, race walking can be considered a fairly safe sport.   
 There were various injuries reported in the study.  The following table shows the specific 
injuries that were reported by number of frequency.   
 
Figure 3: Table of Racewalking Injuries 
 
This table shows that the majority of injuries received were strains of the hamstring, general 
ligaments, other muscle strains, and shin splints.  The study also collected results to determine 
whether these injuries were directly related from race walking or if they occurred as a result of some 
other activity and may have been aggravated or reinjured due to race walking. The following table 
shows the percentage of injuries at certain locations of the body where no prior injuries were 
reported.   
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Figure 4: Table of Racewalking Injury Locations  
 
As the table shows, shin injuries could be looked at as the most prominent new injury that results 
from race walking.   
 The severity of the injuries was reported in a ranking of four levels of severity.  A level 1 
injury involved pain only after exercise.  A level 2 injury involved pain during and after exercise, but 
little change in exercise patterns or daily activities.  A level 3 injury involved pain resulting in changes 
in exercise patterns and affecting some daily activities.  And finally a level 4 injury involved pain all 
the time, eliminating all exercise and affecting many daily activities.  The majority of the subjects 
reported a level 2 or level 3 injury, with 40.7% responding with a level 2 injury and 38.1% 
responding with a level 3 injury.  The remaining 12.4% responded with a level 4 injury and 8.8% 
with a level 1 injury.  The following graphs show the relative severity of injuries reported at four 
anatomic sites.   
 21 
 
Fiugre 5: Severity of Injuries at Knee, Shin, Ankle, and Foot 
 
Once again the results show that even with the injuries reported; very few of them were reported as 
serious level 4 injuries.  This study shows that race walking does indeed include injuries, but 
compared with other sports and the severity of the injuries, race walking is a fairly safe sport with 
little need for anxiety over severe injuries.13   
 
 
                                                      
13
 Francis, Peter, Niles Richman, and Patricia Patterson.  “Injuries in the Sport of Racewalking.”  Journal of Athletic 
Training.  1998;33(2):122-129.     
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3 Methodology 
 The overall purpose of this project is to investigate the efficiencies of regular walking and 
race walking activities.  Testing equipment, methods, and procedures will be developed in order to 
analyze the gait of a series of test subjects and comment of their walking styles and how it affects 
their overall efficiency. In order to achieve these goals the following actions will be taken: 
5. Design and build an effective force plate to measure ground reaction forces during walking 
activities 
6. Analyze walking efficiency with respect to gait characteristics 
7. Investigate the best techniques for walking activities  
8. Recommend future gait analysis and techniques 
 
The following sections will take an in depth look at the objectives and what was done to 
accomplish each one. The processes taken to create and machine a force plate, along with the data 
collection methods will be outlined. The steps taken to extract the usable data will be explained; 
along with the analyses, recommendations and conclusions that will be extracted from the data.  
3.1  Force Plate Design Concepts 
There are often multiple engineering methods and designs that are capable at solving the 
same problem and satisfying all needs. In order to collect the necessary data, it is essential to design 
and build a force plate that can accurately collect data on the ground reaction forces along two axes. 
The given force plate must also be fit to support the weight of a human subject during the exercise 
of walking and/or race walking. Multiple force plate designs were brainstormed, yet in the end three 
were chosen by the group members to take part in the final design evaluation.   
The desired force plate design characteristics include: 
a) Ability to resolve forces into vertical and forward components 
b) Low distortion between the measured force components 
c) Acceptable resolution and sensitivity for human test subjects 
d) Display a linear Output Response 
e) Sufficient factor of safety to protect force plate and subject from damage 
f) Portability  
g) Manufacturability 
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Although it is not possible to predict the exact behavior of any design before it is built and tested for 
data collection; the best approximation and the most accurate models possible will be rated for 
performance.  
3.1.1 Force Plate with Column Supports 
This design choice involves a solid steel top plate with four rectangular supports at each of 
the corners. With strain gages mounted to a combination of two perpendicular sides on each 
support strain at each corner can be measured in the required two directions. Not only will the give 
us the sum of the vertical and forward forces but with a situation of equilibrium the location of the 
center of pressure on the top plate can be calculated. The supports will act as a column under axial 
compression (downward force), and a cantilever beam with a point force at the free end (forward 
force).   
3.1.2 Force Plate with Strain Ring Supports 
This device contains four independent force transducers that exist as a bridge between the 
top and bottom plates, as seen in figure 6. It will be able to simultaneously measure forces produced 
along three different axes, without cross-talk between the respective directions. All of the rings 
measure downward force, which will still allow us to determine the location of the center of pressure 
on the force plate surface. In addition at each end of the force plate two corresponding rings are 
mounted perpendicular to each other in order to measure the forward and lateral forces. Even 
though it is not necessary to know lateral forces as the subject passes over the force plate, these data 
add another level of understanding of human movement.  
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Figure 6: Octagon Strain Ring Force Plate Design Concept 
 
3.1.3 Previous Group’s Force Plate 
This design iteration, seen in figure 7, involves a steel honeycomb top plate supported by a 
series of beams. Two I-beams at each corner measure the strain at each of the force plate’s four 
corners in both the horizontal and vertical directions. In order to measure strain at each location 
strain gages would be attached to the I-beams in a full Wheatstone Bridge configuration.  
 
Figure 7: Force Plate Constructed by Previous Research Group 
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In figure 8, the design variables for the I-beam can be seen. By changing these parameters 
the design would be adjusted for use with human subjects 
 
Figure 8: Close-up of I-Beam Design of Force Plate Shown in Figure 7 
 
3.2 Design Review 
The difficulty in concept evaluation resides in the selection of a design based on limited 
knowledge and data; not knowing exactly how the design interactions will actually function. We 
rated our designs based on a limited set of categorized objectives and functions that the design 
choice must meet.  
3.2.1 Final Design 
After analysis of the design options, the group chose to implement the octagon strain ring 
design. This will provide the most effective means to obtain both horizontal and vertical ground 
reaction forces while having a three-axis potential. As explained by Cook and Radinowicz14, the 
theory behind using rings as springs in various load measuring devices has been around for years. 
Although the strain and deflection throughout a circular ring can be accurately calculated at any 
angle from horizontal, they have a tendency to roll when force is applied. For this reason, an 
octagon-shaped ring was developed. The upper and lower faces of the octagon are extended to form 
bosses for mounting to whatever type of frame is needed. The problem with this design, however, is 
that there is no exact solution for the stress due to an applied load. The strain and deflection 
                                                      
14
 Cook, N.H., Rabinowicz, E. Physical Measurement and Analysis. 1963, Addison-Wesley Educational 
Publishers Inc., US. 
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solutions have been approximated by empirical photoelastic determinations. Since the strain and 
deflection is known at all points around the octagon, nodes can be found that will exhibit purely 
horizontal or purely vertical components of force. Testing for this concluded that these two 
locations occur at Θ = 0° and Θ = 40° measuring from the horizontal axis. This can be seen in the 
figure below where Θ is actually equal to 40°. 
 
Figure 9: Figure 8 in U.S. Patent 4,398,429 
 
Below, are the equations for the strain and deflection at these critical nodes. As previously 
stated, these have been developed using photoelastic methods. For a full explanation of how these 
equations were established, consult Cook and Rabinowicz’ Physical Measurement and Analysis.15 
ε50° ≈ 1.4[(Pr)/(Ebt
2)] 
ε90° ≈ 0.7[(Fr)/(Ebt
2)] 
δp ≈ 3.7[(Pr
3)/(Ebt2)] 
δf ≈ 1.0[(Fr
3)/(Ebt2)] 
 
In these equations, P is the force in the direction parallel to the ground, F is the force 
perpendicular to the ground, r is the outer radius of the ring, E is the elastic modulus of the material 
being used, b is the depth of the ring from its front face to back face, and t is the wall thickness. 
                                                      
15
 Cook, N.H., Rabinowicz, E. Physical Measurement and Analysis. 1963, Addison-Wesley Educational Publishers 
Inc., US. 
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Using our force plate and the connected strain rings, we will measure varying strain measurements 
throughout the stride, and analysis their trends with varying stride lengths.  
Another feature of this force plate design is that it will allow to calculate the center of 
pressure on the plate. This will be useful information when it is time to substitute the data into a 
model to analyze efficiency. In order to find this center of pressure, the downward force at each 
corner must be known. Also, an assumption is made that the top steel plate is a rigid body, with no 
downward deflection. The following equations, found in Winter’s Biomechanics and Motor Control of 
Human Movement, 16 will allow the us to find the center of pressure (x,z). 
x = (X/2){1+[(FX0 + FXZ) – (F00 + F0Z)]/Fy} 
 
z = (Z/2){1+[(F0Z + FXZ) – (F00 + FX0)]/Fy} 
 
 These equations assume the origin of the coordinate system to be at one of the four corner 
supports. In our case this will be in the center axis of the threaded hole on one of the strain rings. 
The F’s in the equations stand for force; while their coordinate subscripts tell which corner the force 
is acting on. The capital Z and X are the length and width between the centers of the strain rings. 
Finally, Fy is the force in the downward direction that will be calculated using the strain data and 
equations. Using these methods and equations we will be able to use the force plate to its maximum 
potential and obtain useful data to analyze walking and racewalking efficiency.  
3.3 Design and Manufacturing 
Once the octagonal strain ring force plate was conceptually designed it was time to make it a 
reality with the manufacture and construction of a usable force plate. The overall process included 
modeling all components and interactions in SolidWorks part and assembly files, before creating 
CNC programming (G-Code) utilizing GibbsCAM. The steel and aluminum parts required design 
                                                      
16
 Winter, David A. Biomechanics and Motor Control of Human Movement. September 2004, John Wiley and Sons 
Inc., US.  
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changes regarding manufacturability in order to utilize readily available stock and to minimize 
multiple steps and repositioning  
 
3.3.1 Force Plate Design 
 The force plate that our group decided to manufacture consists of a top steel plate, four 
octagonal strain rings that will support the steel plate, and two steel cross-braces to keep the 
bottoms of the four strain rings in place.  Two cross-braces were used instead of a solid steel plate to 
conserve cost and weight.  The steel plate will have four counter-bored holes drilled in the corners 
to bolt the octagonal strain rings securely in place.  The two steel cross-braces will be formed into an 
X shape by machining out the parts of the steel where they will overlap so they will fit securely 
together in the X position.  Four more counter-bore holes are drilled on the bottom of the cross-
braces to bolt the bottom of the strain rings.  
3.3.2 Octagonal Strain Ring Design and Manufacturing 
The octagonal strain rings are critical to the force plate because they support the steel plate 
on which the test subjects will step.  They needed to be designed to support enough weight of 
human being and still undergo enough stress that could be measured by a strain gauge.  The original 
designs of the octagonal strain rings were to be 4.5 inches high, 3.5 inches wide, and 1.25 inches 
thick made of aluminum.  These design dimensions were created to provide enough strength to 
support the weight of the steel plate and the force from a human’s weight.  There were to be two 
holes at the top and bottom of the strain ring to use .50 inch diameter screw cap bolts to securely 
attach the strain rings to the steel plate and the bottom steel cross-braces. The .50 inch diameter 
screw cap bolts are large to ensure that the strain rings stay firmly in place and to provide greater 
tension over a larger area to the steel plate and cross-braces. After looking for aluminum stock to 
create the octagonal strain rings, it was discovered that the machine shop had spare 3.0 inch wide by 
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1.26 inch thick pieces of aluminum.  After finding these spare pieces, the design of the octagonal 
strain ring was changed to accommodate these dimensions.  The strain rings had to be scaled down 
in dimensions to accommodate the 3.0 inch wide piece of stock.  Therefore, the final dimensions of 
the strain rings were to be 4.0 inches high, 3.0 inches wide and 1.26 inches thick.  It was decided that 
the strain rings should be 1.26 inches thick because they would all be more uniform if the original 
stock dimension was used.  Figure 10 shows the piece of stock used and the final strain ring 
produced.  A detailed technical drawing of the final ring dimensions can be found in Appendix B. 
 
Figure 10: Before and After Strain Ring Manufacture 
 
All four strain rings need to be as close to the same precise dimensions as possible in order 
to keep the strain the same.  A test strain ring was made to perform tests on using the strain gauges 
before the other three strain rings were machined.  The octagonal strain ring was manufactured by 
creating a series of G-Code sequences for a vertical CNC mill. Material was removed from the 
aluminum block in five separate processes, involving the use of three CNC G-code programs to 
produce the final strain ring. The first process, executed twice, created the drilled and tapped holes 
in the top and bottom of the block for attachment to the top plate and bottom braces. The second 
program, run once, created the large hole in the center of the block. Finally, a G-code program 
created the profile of the block cutting each side independently with re-clamping and probing 
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necessary.  Before these programs could be run on the aluminum, the piece of stock had to be cut 
down to size using a horizontal band saw to achieve roughly the 4.0-inch dimension.  The piece of 
stock was cut oversized and then more precisely cut to 4.0 inches exactly using the CNC mill. Figure 
11 shows the finished strain ring.   
 
Figure 11: Finished Octagon Strain Ring 
 
 There was some slight tool chatter on the inner surface of middle circle because the tool was 
too long.  There are also some slight defects on the surfaces from some chips that got stuck in the 
drill.  These imperfections were minimized in the production of the final rings by using shorter tools 
and clean up passes and shallow depths of cut.  
3.3.3 Steel Design and Manufacture 
The steel portion of the faceplate consists of three parts; two braces to secure the bottom of 
the strain rings and a rigid top plate. The bottom braces were designed so the CNC manufacturing 
portion for both would be the same in order to use the same program. To make this possible it was 
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necessary to make the counter bores on the correct side after the “X” brace was assembled. Also, 
using the same program to cut both pieces in the CNC mill ensured a tight tolerance joint between 
the two so no additional fasteners were needed. The counter bored holes on the top plate were 
drilled manually using the drill press due to the part size and limitations of the CNC machines 
available on campus.  
3.4 Strain Ring Testing 
 In order to prove the design of the octagonal strain ring before building the full scale force 
plate we tested the ring. The ring was outfitted with two general purpose 120 ohm strain gages and 
then connected to the National Instruments SCXI 1314 input card. The National Instruments 
chassis then allows for the strain gage to be part of a Quarter-Wheatstone bridge configuration; and 
the output signal was analyzed by computer. A series of three wires are soldered to each gage and 
then wired to separate terminals on the terminal block.  A series of weights with a verified mass were 
then be used to stress the ring in a static manner in the vertical direction.  
Applied Weight Calculated Strain (x 106) Actual Strain (x 106) 
25 lbs. 42.58 40.5 
50 lbs. 85.16 81.23 
75 lbs. 127.74 122.9 
100 lbs. 170.32 175.56 
 
The results of the testing showed a maximum deviation from the calculated strain of five 
microstrains. It was also noted that the strain gauge on the angled face had little to no reaction (less 
than five microstrains) when testing was executed with the purely vertical loads. The results were 
then graphed and a trendline was added to verify we were obtaining a linear reaction to prove we 
were within the elastic deformation region, the regression results can be seen below in Figure 12.   
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Figure 12: The Results of the Strain Ring Testing with Linear Response 
 
The initial testing was considered a success with the following outcomes: 
• When a known stress was applied in the vertical and/or horizontal direction the strain gage 
output matched the calculated micro strain.  
• There was little to no cross-talk between the isolated strain gages on opposing sides of the 
ring given vertical and horizontal loading. 
Given the validation of the ring design we went followed with the manufacture of four matching 
strain rings, and building and wiring the final force plate.  
3.5 Data Collection 
Any force plate that we build would have been useless unless we developed the 
instrumentation and methods to extract the required data from a series of sensors. We used a 
method for virtual instrumentation that allowed the necessary data to be read, displayed and 
recorded by an easily available computer. The eight strain gauges from the force plate were wired 
through an analog to digital conversion system that would simultaneously amplify and read the strain 
gauge outputs.  
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3.5.1 LabVIEW 
National Instruments has developed a software package LabVIEW that was incorporated as 
a graphical environment for signal conditioning. The low voltage signals from the eight strain gages 
attached to the force plate go through an analog to digital conversion process in order to be viewed 
and recorded by the computer. The software also allowed us such capabilities as using a low pass 
filter to minimize noise for the signals while the gages were at rest.  After having viewable 
capabilities in the LabVIEW panel the requested data was outputted to a Microsoft Excel 
Spreadsheet for analysis. The LabVIEW front panel and block diagram used can be seen in 
Appendix C.  
3.5.2 Model for Analyzing Stride Efficiency 
In order to test the subjects, a method was needed to evaluate what made one stride length 
more efficient than another.  Because no previous mathematical models could be found through 
background research that met our needs, the group created its own mathematical model to evaluate 
the efficiency of a stride.  This model would create an “Efficiency Factor” that could then be used to 
numerically analyze the efficiency of the stride.  Important aspects and components of a stride 
would be used as the variables in the model.  The variables that were used in the mathematical 
model were the initial Y force of the heel strike (FY initial), the Y force from propulsion moving the 
subject forward (FY propulsion), the forces in the lateral X direction (Fx), the force acting on the 
shank (F shank) from the Z direction and Y direction components, the force acting on the thigh (F 
thigh) from the Z direction and Y direction components, and the velocity at which the subject was 
moving when making the stride (time).  All of these variables could be found using the data that was 
output from the three-axis force plate and from using electronic timing gates.   
 The next part in creating the mathematical model was to assign a scaling factor to each of 
the variables based on their importance to an efficient stride.  The group used a ranking system that 
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rated the importance of each factor.  The following table shows the values that were assigned for 
each variable with a higher number representing greater importance: 
 
Variable Scaling Factor General Effect 
FY initial 4 A higher value leads to decreased efficiency 
 
FY propulsion 6 A higher value leads to increased efficiency 
 
Fx 1 A higher value leads to decreased efficiency 
 
F shank 3 A higher value leads to decreased efficiency 
 
F thigh 1.5 A higher value leads to decreased efficiency 
 
Time 5 A higher value leads to decreased efficiency 
 
Figure 13: Variables of Walking Model 
 
As the table shows, FY propulsion was ranked the highest with a value of 6.  This is because 
the most important factor in any stride is the propulsion that is generated in moving the body 
forward.  The next most important variable was the speed at which the subjects were able to carry 
themselves throughout the stride.  This is why Time was ranked the second most important variable 
with a scaling factor of 5.  Trying to decrease the FY initial variable was next in importance because 
this is the deceleration force that slows the subject down when they initially hit the ground.  This 
variable was assigned a scaling factor of 4.  Next, injuries had to be taken into account so the forces 
on the shank and thigh were evaluated.  Because there are twice as many knee injuries as there are 
hip injuries, the force on the shank was assigned a scaling factor that was double the force on the 
thigh.  Therefore, F shank was assigned a scaling factor of 3 and F thigh a value of 1.5.  Finally, the 
Fx force was evaluated to be the least important but still an important factor to include in the 
mathematical model because any energy expelled in the sideways direction is not energy expelled 
moving the person in the forward direction.   
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 An increase in value of any of the variables used for the mathematical model except for the 
FY propulsion force would lead to a decrease in efficiency during the stride.  The mathematical 
model had to account for this.  Therefore, the following mathematical model was created: 
“Efficiency Factor”= (- FY initial*4 + FY propulsion *6 – Fx*1 – F shank*3 – 
F thigh*1.5 - Time*5) * -1 
 
Because of the way the signs work out, the entire number had to be multiplied by negative 
one to create a positive “Efficiency Factor.”  This way, a lower “Efficiency Factor” results in a more 
efficient the stride length.  Therefore, lower “Efficiency Factors” are better.   
 The values that are input into the mathematical value for the different variables were 
determined to be the following:  The FY initial force is equal to the sum of the values from the Y 
direction strain gauges on the force plate that were of positive value.  The FY propulsion force is 
equal to the sum of the values from the Y direction strain gauges on the force plate that had a 
negative value.  This is because when the subject shifts from the deceleration part of the stride to the 
propulsion part of the stride, it puts a different force on the strain gauge in the opposite direction so 
it is read as the opposite sign.  The Fx force is equal to all of the values from the X direction strain 
gauges on the force plate.  The force on the shank and the thigh are calculated as vectors from a 
combination of the downward Z force strain gauges and the Y force strain gauges at any given time 
throughout the stride.  The F shank value was calculated with the following equation:     
F shank = ((Sum of all Z forces)^2 + (Sum of all Y forces)^2)^.5   The F thigh was calculated by 
taking the force calculated for F shank and accounting for a 5 degree knee angle because the knee 
must be straight during race walking but the leg cannot be a perfect 180 degrees.  Therefore a 5 
degree angle was used and the following formula was used to calculate F thigh:  
F thigh = (F shank * cos (5 degrees))  And finally, the time was recorded using electronic timing 
gates that recorded the time it took the subject to cross a ten foot span across the ramp and the 
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force plate.  Using this mathematical model, the stride lengths for each individual could be 
compared to one another and that subject’s most efficient stride length could be determined. 
3.6 Test Procedure 
In order to further prove the force plate’s design and effectiveness for the study of human 
gait, we developed a testing procedure for collecting data for use in the previously discussed 
efficiency model. The group decided on a method of collecting simultaneous force data from a 
series of eight strain gauges in order to analysis the ground reaction forces throughout one step at a 
given stride length.  
3.6.1 Ramp Design 
Given that the force plate had a final assembled height of six inches from the ground, a 
ramp and platform system was necessary to allow for the most natural gait possible. The ramp had 
to be designed for both portability and function since a permanent location for testing equipment 
was not available. The final ramp design consisted of 2x6’s standing on edge to build the frame and 
½ inch plywood covering the top. These materials quickly gave us the required 6 inch height without 
many cuts and modifications of the lumber.  
The ramp was compiled of a series of five sections all under five feet in length to fulfill the 
portability need. A flat level section on either side of the force plate allowed the test subject to take a 
level step before and after contacting the force plate to get the most natural stride. The ramped 
sections were design with a five to six degree incline to allow for easy travel up and down without to 
much adjustment to the gait from a wide variety of test subjects. Finally, in order to keep the ramp 
even and level in the event of walking or racewalking carriage bolts were used to prevent separation 
of the sections during use.  
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3.6.2 Subject Testing 
The majority of our testing involved subjects walking in a natural manor and speed due to 
the lack of a racewalker subject pool. A variety of subjects were used including males and females 
with varying ages, weight and height. All subjects were assigned an arbitrary name in order to protect 
their privacy and identity, such as “Test Subject #1”. Heights and leg segment lengths were collected 
for all test subjects for later use in the analysis section.  
Each subject was first instructed to walk naturally on level ground so a natural stride length 
could be measured. This stride length acted as the starting point for the data collection. The subjects 
were asked to walk over the ramp and force plate system, taking one square step with their right foot 
on the force plate on their way by. Tape marks were placed on the ramp and plate as a reference of 
how the subject should plan their steps to allow for their whole foot to land within the plate’s 
boundaries. Timing gates, spaced ten feet apart, were utilized to monitor the subjects’ speed in an 
attempt to keep it constant during all data collection at the varying stride lengths. The gates employ 
an optical system that accurately records to the thousandth of a second when the subjects crossed 
each line. Also the actually stride length of the subject leading up to contact with the force plate was 
measured and recorded.  
After taking data at the subjects’ natural stride length four additional data sets were taken for 
each individual. The subjects were instructed to first lengthen their stride by two inches and then 
another two inches (four inches total) in order for the collection of additional ground reaction force 
data. Subsequently the subjects then shortened their natural stride length by two inches and then 
four inches for the final data sets. These five data sets along with their corresponding speed and 
stride length were recorded in an excel file for later analysis.  
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4 Results and Analysis 
Although the main goal for this project was achieved by manufacturing a working force 
plate, it was still necessary to finish the project by collecting and analyzing data from human test 
subjects. The following sections show the resulting graphs and conclusions drawn from this data 
collection.  
4.1 Force Plate Results 
The results of the force plate were very promising with very accurate and reliable data.  The 
repeatability of the forces recorded with the force plate was excellent.  The same shapes would result 
when the data was graphed during the same parts of the step with each of the different strain gauges.  
The following graphs show some of the data recorded with the force plate: 
 
 
Figure 14: Graph of All Forces Recorded with Force Plate 
 
 
 
 
 
 
 39 
 
 
 
Figure 15: Graph of Z-Direction (Downward) Forces Recorded with Force Plate 
 
 
 
Figure 16: Graph of Y-Direction (Forward) Forces Recorded with Force Plate 
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Figure 17: Graph of X-Direction (Lateral) Forces Recorded with Force Plate 
 
 As these graphs show, the forces of the entire stride could be recorded and then input into 
the mathematical model that was created to find each person’s most efficient stride length.  The 
micro-strain values were entered into the model to represent the amount of force instead of 
converting all micro-strains into force to save time during the analysis.  There was a problem with 
one of the strain gauges acting in the Y direction.  As the “Y Forces Recorded” graph shows, one of 
outputs goes from an initial positive value from the initial impact of the heel to a negative value 
from the propulsion force, while the other output always has a negative value.  The data from the 
strain gauge that yielded all negative values had to be discarded and only the data from the strain 
gauge that was working properly was used.  This was the only problem in the force plate results.  
The rest of the force plate reacted in the way that it was designed to react and the force plate design 
and construction could be considered a success.   
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 Another use for the force plate is to create an image of the footprint throughout the stride 
and show the varying amounts of vertical force at any given time.  The center of pressure on the 
force plate is calculated using the four Z direction strain gauges and the sum of the Z direction 
forces is used as the value at that location.  The following image shows the footprint forces with 
micro-strains as the scale: 
 
Figure 18: Footprint Forces Recorded by Force Plate 
 
This image shows one footprint with the heel strike towards the right side of the image, and 
then arcs in the shape of a right foot and shows the toe pushoff towards the top left of the image.  
The number scale on the left is in inches.  This shows that the vertical forces are greatest when the 
heel hits the plate and when the foot pushes off of the plate and there is much less pressure on the 
arch of the foot.  This is a useful tool that this three axis force plate is able to achieve and could be 
used for other studies in the future.   
 42 
4.2 Subject Testing Results 
Each subject that was tested took 5 different stride lengths across the force plate for analysis.  
Data from each of the 5 stride lengths were input into the mathematical model to find the efficiency 
of each stride length and to find the overall most efficient stride length.  The following table shows 
the values input into the model to calculate the “Efficiency Factor” for one subject with five 
different tests: 
Subject #: 1 1 1 1 1 
Test #: 1 2 3 4 5 
Stride Length (inches): 35.75 40.25 27.75 38.25 34 
Fy impact 0.002559 0.003697 0.002459 0.002587 0.002416 
Fy propulsion 0.003436 0.002989 0.002407 0.002214 0.002571 
F shank 0.000171 0.000187 0.00016 0.000165 0.000156 
F thigh 0.000170 0.000185 0.000159 0.000164 0.000155 
Fx 0.002923 0.003328 0.003667 0.003579 0.002888 
Time 1.706 1.58 1.688 1.591 1.566 
      
Efficiency Factor: 10.91061 15.03634 14.02974 14.64185 12.17921 
Figure 19:  Values Entered into “Efficiency Factor” Model 
 
Figure 19 shows that some values vary more than others from test to test.  For example, time 
changes a significant amount each time compared to the other micro-strain values.  It is the slight 
changes however in each test that changes the value of the “Efficiency Factor.”  Each subject would 
have a different range for the “Efficiency Factor” due to differences in weight and walking 
techniques.  Therefore, to compare everyone’s data, their normal stride length was normalized to 
zero and results from over striding and under striding were scaled accordingly.  The following graph 
shows the results of the subjects that were tested with the “Efficiency Factor” for each of their five 
stride lengths: 
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Figure 20: Graph of Efficiency Factor vs. Stride Length 
 
Figure 20 above, shows that in general everyone’s most efficient stride length was made up 
of subjects’ natural stride length with the lowest “Efficiency Factor.”  As the subject’s stride 
increased and decreased from their natural stride length there is a general trend that the “Efficiency 
Factor” increases.  There are some data points that have a lower “Efficiency Factor” other than the 
natural stride length however, which could be explained by several factors.  One reason is that the 
person’s most efficient stride length is not their natural stride length.  Other reasons that could skew 
the results are problems with the Efficiency Factor Model.  Sometimes when the subjects would be 
under striding by four inches they would take very small steps and the forces acting on the force 
plate were much smaller.  Even though they are moving much slower, the mathematical model 
works out that the stride is more efficient because the forces are drastically reduced.  The same 
situation arose when the subjects would over stride.  When the subjects over stride, they tend to 
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speed up the pace of their step which effects the mathematical model as a positive aspect even 
though the forces tended to be drastically higher.  In general, however, the mathematical model 
showed that the natural stride length is the most efficient stride length for each individual.   
Each subject’s hip to ankle length was measured and their most efficient stride length was 
graphed over this length to try and find any correlations.  The following graph shows these results: 
y = 0.000x + 0.8815
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Figure 21: Graph of Optimal Stride Length Over Leg Length Comparison 
 
The graph shows a linear pattern and when a trend line is added, it is a perfectly horizontal 
line.  This shows that in general, people’s most efficient stride length should be approximately 88% 
of their hip to ankle length.  This means that if anyone wants to walk at their most efficient stride 
length, they can measure the length from their hip to their ankle, multiply by 0.88 and that is the 
stride length they should be walking at.   
Each subject’s most efficient stride length was also graphed over their overall height to see if 
there were any correlations.  The following graph shows the results: 
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Figure 22: Graph of Optimal Stride Length Over Height Comparison 
 
 The graph shows very little correlation to a linear trend when the optimal stride length is 
graphed over overall height.  This shows that leg length, and not overall height, affects each 
individual’s optimal and most efficient stride length.  No correlations can be made when comparing 
optimal stride length to overall height.     
4.3 Race Walking vs. Regular Walking 
One test subject was tested both in race walking and in regular walking to compare the 
differences in the forces that were recorded with the force plate.  The race walking technique was 
much faster than the regular walking and thus had a quicker step.  The following graphs show the 
comparison in the forces recorded with the force plate:   
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Figure 23: Graph of Z-Direction Force Comparison 
 
 
 
Figure 24: Graph of Y-Direction Force Comparison 
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Figure 25: Graph of X-Direction Force Comparison 
 
 These graphs show that the race walking technique had higher forces when the heel inititially 
struck the force plate in both the Z direction and the X direction, but had an equal value in the Y 
direction.  The forces were slightly higher throughout the step in both the Z and X directions.  The 
Fy propulsion force for race walking was significantly less compared to the casual walking.  This is 
why the “Efficiency Factor” is better for the regular walking than the race walking, because the race 
walking had higher forces with a far less propulsion force.  More studies could be performed to 
analyze why there is less propulsion in race walking than in regular walking and possibly find ways to 
improve the race walking technique.   
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5 Conclusions and Recommendations 
The final part of this project is to reflect on what was accomplished, and look at where 
future projects could go. It is important to understand how this project can be improved and how 
our force plate can be put to different uses. Now that the design, testing, and manufacture of the 
force plate are complete, it can be a very powerful tool for those studying biomechanics.   
5.1 Suggested Upgrades for Force Plate 
The first set of upgrades that would be made to this project would be to the force plate 
itself. Although the octagon strain ring design proved effective, some changes can be made in the 
overall plate design, which would result in easier subject testing and better reliability. One major 
problem that was occurring during testing was the inability of test subjects to hit the plate in the 
correct spot on a consistent basis. The trouble was not the width of the plate, but the length, as 
subjects would continually step either too long or too short for accurate data to be recorded. With 
the test subjects thinking about varying their natural stride length during testing, it is understandable 
that they will need a large plate to hit. When the top plate of the force plate was designed to be 18 
inches long, it was overlooked that not all of this area would produce usable data. The fact is that 
stepping on any top plate area outside of the four screws will cause an incorrect load on some of the 
rings. In reality, the top plate has only approximately 14 inches of usable length. It would be much 
better to increase this length to somewhere around 20 inches. This will make it much easier for test 
subjects to hit the plate every time, and will allow faster testing with increased amounts of subjects. 
A benefit of this change is that the same four octagon rings could be used. The only problem with 
this redesign is that it will add weight to the already heavy force plate. A way around this could be to 
change the design of the bottom cross braces to make them lighter. 
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The next recommended change to the force plate is to change the wiring. Currently the 
wiring below the top plate is disorganized and the breadboard used to connect the wires is only 
taped down. The useful part of the current wiring scheme is that it allows different channels to be 
unplugged. This should be considered when redesigning the wiring setup. It is beneficial to add 
plugs into the design, but it would also be useful to find someway to fasten the plugs to the cross 
bracing of the plate. This will ensure that the delicate wires are not disturbed during plate transport, 
and also allows for easy disassemble of the plate. Both of these improvements result in increased 
mobility of the force plate.  
5.2 Suggested Upgrades for Test Procedure 
Once the plate has been upgraded, the testing procedure can be looked at for improvements. 
While the ramp that was built for this project worked well, it would be helpful to have a more 
permanent place to set up the plate. Since it is very sensitive, it must be sitting perfectly flat on the 
floor in order to get accurate readings. The optimal situation would be to have a room to set up the 
plate and leave it for the entire duration of testing. The same ramp could be used by simply making a 
new middle section to fit over the redesigned plate.  
Other test improvement recommendations include the possible use of video capture and 
accelerometers to gather more data. This project was concerned with only the velocity of the test 
subjects, but if a future group wants to conduct more detailed calculations of joint forces it will be 
necessary to use these other tools. Video capture can be used to more accurately measure the length 
of body segments, as well as to calculate the angles of the leg segments during the entire stride. 
Future groups analyzing gait using the force plate completed with this project can add these new 
types of data to an improved model. This would put the force plate at its maximum potential.    
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5.3 Conclusion 
From the data that was collected and analyzed, it was determined that people have the most 
efficient strides at their normal stride length, as hypothesized, but the data backed it up. Also, it was 
determined that a person’s optimal stride length is 88% of the distance from their hipbone to their 
anklebone. This is a useful piece of information for those who think they may be under or over 
striding while recovering from an injury, or just for people who want to know what their natural 
stride length should be. It is easy to measure and only takes a minute to calculate.  
Overall, this project can be seen as a successful application of engineering knowledge by the 
group members to design, manufacture, test, and use a three axis force plate. The main goal of 
building a working force plate was definitely achieved, while octagon strain rings were proven to be 
effective tools for measuring strain. Much experience in manufacture was also gained through 
completion of this project. It brought together many different aspects of engineering and forced the 
group to solve tough problems in order to move forward.  
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6 Appendix A – Timeline of Gait Analysis 
Timeline of Gait Analysis Throughout History17 
 
 
                                                      
17
 Baker, Richard. “The history of gait analysis before the advent of modern computers” Gait and Posture. Volume 
26, Issue 3, Sept 2007. 
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7 Appendix B – Technical Drawings 
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8 Appendix C – Virtual Instrument Setup 
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